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The pinion-cutter machine also employs two cutters. These are
carried on spindles A and B, Fig. 271, in a common head C that recipro-
cates parallel to the axis of the blank. The
spindles A and B are provided with helical
guiding surfaces that engage corresponding
surfaces in the frame of the machine so that
as the cutters reciprocate they are also ro-
tated and thus cut helical instead of straight
teeth. The helix angle can thus be altered
only by changing the guides. The cutter
teeth must also be helical. The stroke of
the head C, and the distance apart of the
cutters, must be arranged so that the cutting edges just reach the centre
line LM on the cutting strokes. The tooth generation is obtained by
giving the cutters and the blank a slow continuous rotation ; this motion
is, of course, superimposed on the rotary oscillation of the cutters.

The End-Milling Process. This employs an end mill which rotates
about an axis perpendicular to that of the blank and which is slowly
traversed parallel to the axis of the blank. The profile of the cutter is
made to the correct shape of the tooth space being cut and, by giving
the blank a rotation in synchronism with the axial traverse of the cutter,
the tooth can be made helical, or double or triple helical, as may be
desired. The process is a very slow one and the accuracy attainable is
not very high. The method is, consequently, practically obsolete, but it
is the only method by which triple helical gears can be cut.

Gear Shaving. In recent years a method of finishing spur and helical
gear teeth has been developed in which a very small amount of metal is
removed by cutters which somewhat resemble broaches ; this process
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has been called gear " shaving.'* If a straight-
toothed gear wheel, A in Fig. 272, is rolled on a
rack having inclined teeth the natural direction for
the motion would be perpendicular to the axis XX
and motion in that direction would not involve any
sliding between the teeth of the wheel and rack in
the direction XX. But if the gear is forced to roll
in the direction YY, then sliding between the teeth
in the direction of XX must occur; the motion
from C to D, for example, is equivalent to a
" pure roll " CE and a " pure slide " ED. Con-
sequently, if the rack teeth are formed with cut-
ting teeth on the lines of a broach, metal can be
removed from the surfaces of the gear teeth. It is immaterial whether
the axis of the gear remains stationary and the rack reciprocates beneath t
it or whether the rack is stationary and the gear moves bodily in tbe* *

